In a prospective study of 3,857 pregnancies ending in singleton live births at Yale-New Haven Hospital, New Haven, Connecticut, in 1980-1982, 9.5% of mothers reported using marijuana (4.1% occasionally and 5.4% at least 2-3 times monthly). Among white women, regular use was associated with an increased risk of delivering a low birth weight (<2,500 gm) infant (odds ratio (OR) = 2.6, 95% confidence interval (Cl) = 1.1-6.2) and small for gestational age infant (OR = 2.3, 95% Cl = 1.3-4.1) after adjustment for other risk factors. Nonwhite marijuana users were not at further increased risk for delivering a low birth weight or small for gestational age infant beyond the elevated rates of these conditions already experienced by nonwhites in general. Marijuana use was also related to preterm delivery (gestational age <37 weeks from last menstrual period) in white women (OR = 1.9, 95% Cl = 1.0-3.9) but not nonwhite women. Occasional use was unrelated to the risk of low birth weight, small for gestational age, or preterm delivery. birth weight; delivery, preterm; infant, small for gestational age; marijuana; pregnancy
Studies of pregnant women (1) (2) (3) (4) (5) have found that at least 10 per cent report some marijuana use during pregnancy, however, the effects on pregnancy outcome are still uncertain. Delta-9-tetrahydro-cannabinol, a major component of marijuana, has been shown (6, 7) to cross the placenta in rats, mice, and dogs. Less of the drug is absorbed by the fetus than by the mother, but clearance is also slower. The cannabinoids from marijuana tend to be stored in fat and may be detected in body tissues for up to 30 days following administration of a single dose (8) , indicating the potential for prolonged fetal exposure in regular marijuana users.
Reported developmental effects in animals include increases in fetal and embryonic mortality, fetal resorption, reduction in birth weight, growth retardation, and neurobehavioral abnormalities (6) .
There have been a few case reports in humans which implicate marijuana as a teratogen (9) (10) (11) , however, in each case the mothers had used multiple drugs during pregnancy. Several cases of a "fetal alcohollike" syndrome were recently described (12, 13) in infants whose mothers used marijuana but denied alcohol use during pregnancy.
Results of epidemiologic studies are in-conclusive. The majority have reported some adverse effects of marijuana use including precipitate labor and meconium passage (3, 14) , altered visual, tremor, and startle responses in neonates (1, 2) , lower birth weight (4) , increased frequency of preterm delivery (15) , and shorter infant length at eight months of age (16) . However, other studies have found no effect on birth weight (5, 15) or preterm delivery (5) . The present study is part of a series of analyses on various exposures during pregnancy and pregnancy outcomes. The association between reported marijuana use and the outcomes of low birth weight, small for gestational age, preterm delivery, and mean birth weight and gestational age are analyzed.
MATERIALS AND METHODS
The study population consisted of all women who made a first prenatal visit to a private obstetric or midwifery practice, health maintenance organization, or hospital clinic in the greater New Haven, Connecticut area between May 12, 1980 and March 12,1982 and who intended to deliver at Yale-New Haven Hospital. A total of 6,219 women had the study introduced to them by their health care provider, and 5,331 (85.7 per cent) agreed to be contacted by a member of our research staff. Of this number, 405 women did not meet the eligibility criteria for the study because: 1) they planned to deliver somewhere other than Yale-New Haven Hospital; 2) they demonstrated poor English language comprehension; 3) they were not pregnant at the time that the study interview was to be conducted; or 4) they were familiar with the study. In all, 4,926 eligible subjects were contacted regarding the research, and valid interviews were completed on 4,186 (85 per cent) of those contacted. The majority of women (76 per cent) were interviewed before the 20th completed week of gestation. Of the original 4,186 women who were interviewed, 76 had moved or were lost to follow-up, 59 did not deliver at Yale-New Haven Hospital, 116 had spontaneous abortions or stillbirths (including three women who had an induced abortion, two with hydatidiform mole, and one who was not pregnant), 44 had multiple births, and 34 had missing information on birth weight and/or gestational age of the infant. This left a total of 3,857 singleton live births for analysis.
Women were interviewed within a few weeks of their first prenatal visit. The majority of interviews were conducted in the women's homes and consisted of questions on history of prior pregnancies, demographic characteristics, contraceptive practices, medical history, and exposure to possible risk factors, such as alcohol and tobacco. Women were asked whether they had used marijuana or hashish since they had become pregnant. If they responded positively, they were asked how frequently they had used the drug since pregnancy, and were shown a response card with answers which ranged from "less than once per month but once since pregnant" to "five or more times daily".
Information on outcome of each pregnancy was obtained from the medical records of the mother and infant. Low birth weight was defined as less than 2,500 gm. Gestational age was calculated from the first day of the last menstrual period, and preterm delivery was defined as a birth which occurred before 37 completed weeks of gestation. Birth weight standards developed by Brenner et al. (17) , from a sample of 30,772 deliveries in Cleveland, Ohio, were used to define a population of infants who were small for their gestational age. Any infant whose birth weight was less than the tenth percentile for race, sex, mother's parity, and gestational age according to the standards of Brenner et al. was defined as small for gestational age. These standards were used in addition to low birth weight in order to separate out infants who were small for gestational age from those who were low birth weight because of shortened gestations.
Three categories of marijuana use during pregnancy were defined: 1) nonusers, 2) occasional users (once per month or less), and 3) regular users (2-3 times per month or more). We hypothesized that occasional users would not be at greater risk for adverse outcomes than nonusers, because the majority of these had used marijuana only once since conception. The remaining women who reported regular marijuana use were considered together in order to provide adequate statistical power for the multivariable analyses.
Crude mean birth weights and gestational ages, and the per cent of infants who were low birth weight, small for gestational age, or preterm were computed within the categories of marijuana usage. Potential confounding variables were identified by assessing their association with both outcome variables and the categories of marijuana usage by means of chi-square tests (18) . Three-way stratified analyses between marijuana use, covariates, and the outcome variables were performed to identify potential interactions. Multivariable analyses were conducted using linear regression (19) and logistic regression (20) . Other covariates which were assessed include maternal age, race, parity, education, marital status, history of stillbirth, spontaneous abortion, or induced abortion, cigarette smoking, and average daily alcohol and caffeine intake. Race was treated as a dichotomous variable (white vs. nonwhite), since the majority (84 per cent) of nonwhites were black, and since the numbers of Hispanics and other races were too small to allow meaningful analysis. To identify the final models in both linear and logistic regression analyses, backwards stepwise variable selection (19, 20) was used and, at each step, the parameter estimates were analyzed to ensure that deletion of the variable did not change the estimates of marijuana use.
RESULTS
The majority of the sample (n = 3,490 or 90.5 per cent) reported no marijuana use between the estimated date of conception and the date of interview. There were 158 women (4.1 per cent) who reported occasional use of marijuana and 209 women (5.4 per cent) who reported that they used marijuana 2-3 times per month or more, of whom 43 reported daily use that ranged from 1-5 times per day.
The association of marijuana use with other maternal characteristics is shown in table 1. Women who use marijuana during pregnancy were more likely to be young, nonwhite, nulliparous, and have less than high school education. They were also significantly more likely to report cigarette smoking, alcohol, and high caffeine use. A history of induced abortion was more common in marijuana users, whereas a history of previous stillbirth or spontaneous abortion was unrelated to marijuana use.
Mean birth weights, gestational ages, and the per cent of low birth weight, small for gestational age, and preterm infants according to frequency of marijuana use are shown in table 2. Women who report occasional use of marijuana have a reduced, but not statistically significant, risk of low birth weight infants relative to nonusers. Regular users have an elevated risk of delivering a low birth weight infant (risk ratio (RR) = 2.1, 95 per cent confidence interval (CI) = 1.3-3.4) and/or a small for gestational age infant (RR = 1.7, 95 per cent CI = 1.1-2.6) relative to nonusers. The risk of a preterm delivery is also elevated in regular marijuana users (RR = 1.8, 95 per cent CI = 1.2-2.9). Mean birth weights decreased across the categories of marijuana usage, whereas there are no major differences in mean gestational age.
Preliminary stratified analyses suggested a possible interaction between race and marijuana use on the outcomes of mean birth weight, low birth weight, preterm delivery, and small for gestational age. Although nonwhites were both more likely to use marijuana and to deliver an infant with these adverse outcomes, the risk was not further increased in nonwhite marijuana users (table 3) . Therefore, an interaction term between race and marijuana use was included in all initial models. Alcohol and marijuana and tobacco and marijuana interactions were also tested initially.
Logistic regression models were fit to the race and marijuana use was of borderline significance (p = 0.06), therefore separate logistic models were fit for whites and nonwhites, as well as for both races combined.
Variables not significantly related to the risk of low birth weight in any of the models were history of induced abortion, alcohol and caffeine use, education, and maternal age. Maternal age was also entered into the model as trichotomous variable (<20, 20-34, 35+ years), and as a continuous variable with both first and second order terms but it still did not contribute significantly to the models. When whites and nonwhites were considered together, the adjusted odds ratio for low birth weight in regular marijuana users relative to nonusers was 1.5 (95 per cent confidence interval = 0.8-2.8).
The odds ratios and 95 per cent confidence intervals from the final model for whites are shown in table 4. The risk of delivering a low birth weight infant in regular marijuana users relative to nonusers was significantly elevated, an odds ratio of 2.6, after adjustment for parity, cigarette smoking, and gestational age. Occasional use was not associated with low birth weight. In nonwhites, no effect of either category of marijuana use was found (for occasional users, odds ratio (OR) = 0.4, 95 per cent CI = 0.1-1.5; for regular users, OR = 0.7, 95 per cent CI = 0.6-1.8). The final models were also run excluding eight women with a known history of drug abuse, but this did not change the results.
For analyzing the proportion of infants who were small for gestational age, the same variables listed above were included in the initial models, with the exception of parity because adjustments for parity were made in classifying an infant as small for gestational age. Again, the alcohol-marijuana and cigarette-marijuana interactions were not significant and were dropped from the model, whereas the race-marijuana interaction was significant (p = 0.01). The results of the final model for whites are shown in table 4. Regular marijuana users had a significantly increased risk (OR = 2.3) of delivering an infant who was small for gestational age. The only other variable significantly associated with this outcome was cigarette smoking. In nonwhites, regular marijuana use was not associated with adverse fetal growth, the odds ratio for regular marijuana users being 0.6 (95 per cent CI = 0.2-1.6).
Race did not appear to modify the effect of marijuana use on preterm delivery. The only variables which significantly predicted the occurrence of a preterm birth were race (for nonwhites vs. whites, OR = 1.8; 95 per cent CI = 1.3-2.5) and education, which was inversely related to the risk of preterm delivery (OR = 1.3 for a reduction of four years of education). The adjusted odds ratio for regular marijuana users from the final model was 1.5 (95 per cent CI = 0.9-2.5). The model was fitted separately for white women in further analyses, and the association of regular marijuana use and preterm delivery was of borderline significance (OR = 1.9, 95 per cent CI = 1.0-3.9). Multiple linear regression was used to estimate the effect of marijuana use on mean birth weight, using all variables listed above in the full model. The interactions between marijuana use and tobacco and alcohol were not significant (p > 0.50) and were dropped from the model. The interaction with race was also not significant (p = 0.10) and was dropped. Other variables not significantly related to birthweight were history of induced abortion, alcohol consumption, education, and maternal age, whereas caffeine use was significantly related to a reduction in mean birth weight. Neither category of marijuana use was significantly related to mean birth weight in the final model (F ratio = 0.91, p = 0.40; for occasional users, /3 = +1 gm, and for regular users, /S = -44 gm). However, when models were fitted separately for white women in exploratory analyses, regular marijuana use was related, although not quite significantly, to a reduction in mean birth weight (F ratio = 2.7, p = 0.07; for occasional users, /3 = -24 gm; for regular users, /S = -97 gm).
DISCUSSION
The results of this study indicate that white women who reported regular marijuana use during pregnancy had a significantly higher risk of delivering a low birth weight or small for gestational age infant. The risk of delivering prematurely was also elevated in white marijuana users, although this relationship was of borderline statistical significance. Equivalent effects were not observed among nonwhite marijuana users. It is not known whether these differential effects by race could be due to innate biologic characteristics. It seems more likely that the reporting of marijuana use was less accurate in nonwhites than in whites, resulting in a greater degree of misclassification which could explain the lack of an effect in nonwhites. If underreporting in nonwhites had been associated with other risk factors for the outcomes which were analyzed, this would have led to a more dramatic reduction in the odds ratios than if the underreporting had been entirely random. Alternatively, nonwhites have a much higher risk of these adverse pregnancy outcomes, and perhaps the effect of marijuana use is difficult to detect in the presence of other strong risk factors.
These results conflict with those of one study (5) , while another study (4) did find a reduction in mean birth weight, and yet another study (15) found an increased rate of preterm delivery but not low birth weight among marijuana users. There are several possible explanations for these inconsistent results. In the negative study by Linn et al. (5) , marijuana use was treated as a dichotomous variable which may have obscured any effect in the regular users. The data from the present study were collected prospectively, shortly after the first prenatal visit, whereas the data in the study by Linn et al. (5) were collected after delivery. Animal studies have indicated that marijuana use during early pregnancy may have a greater effect on the developing fetus than later on (6) . If this is true in humans, collection of data early in pregnancy may result in a more valid estimate of effect. Finally, an interaction between race and marijuana use was not considered in the study by Linn et al. (5) .
Gibson et al. (15) found that heavy marijuana use increased the risk of preterm delivery but had no effect on birth weight after preterm infants were excluded from the analysis. Our analysis controlled for gestational age, instead of excluding preterm infants, which may account for the different results.
In summary, our study found an increased risk of delivering low birth weight, small for gestational age and preterm infants among white women who reported regular marijuana use during pregnancy. Certain limitations of our study should be noted in interpreting this finding. Of foremost concern is that the result may be due to unidentified confounding variables such as unreported psychoactive drug use, poor maternal health, an inadequate diet, or some other correlate of lower socioeconomic status. Other potential problems with the study include possible misclassification of both marijuana use and confounding variables such as cigarette smoking, and assessment of marijuana use at only one point in pregnancy. The overall rate of low birth weight in our sample is somewhat lower than the rates for the United States as a whole (21) . This is presumably because our study is based upon women who seek prenatal care, whereas the US rates are based on all deliveries. However, this difference is unlikely to bias our assessment of the effect of marijuana use. It should also be noted that the outcomes of low birth weight, small for gestational age, and preterm births are not entirely independent. Low birth weight infants are a heterogeneous group, consisting of some who are low birth weight solely because of a premature delivery, and some who are delivered at term, but whose growth has been retarded in utero. In our study, among white infants classified as low birth weight (n = 88), 53.4 per cent were preterm, 35.2 per cent were small for gestational age, 10.2 per cent were both, and 1.1 per cent (n = 1) were neither. There were an additional 115 infants who fell above the 2,500 gm cutoff point but who were classified as small for gestational age. Among infants delivered prematurely (n = 126), 43.1 per cent fell into the low birth weight category, and 7.1 per cent were also classified as small for gestational age. Because these outcomes are not mutually exclusive, we attempted to determine if the effects that were found were due primarily to one of the outcomes. We saw no evidence for this in our data.
It is worth noting that in our study, the risk of having a small for gestational age and/or low birth weight infant was more strongly associated with regular marijuana use than with smoking 20 or more cigarettes daily, and that the marijuana effect was in addition to the effect of cigarette smoking, which is an established risk factor for those conditions. Since the effect of marijuana on fetal growth is occurring at much lower levels of use than the corresponding effects due to tobacco, it is probably not due to the carbon monoxide contained in smoke, which is often implicated as the causal agent in fetal growth retardation due to tobacco smoking (7) . Marijuana use has been shown to alter hormonal levels (7), which may be an indirect path-way by which it could affect fetal growth. Cannabinoids are also metabolized more slowly than components of cigarette smoke (7), which might explain why the effects on the fetus were found at lower levels of the drug than those seen for tobacco smoking.
It is of concern that nearly 10 per cent of the women in our study reported some marijuana use. Because the drug is not legal, this may be an underestimate of the true extent of marijuana use during pregnancy, although it is in close agreement with the 10-14 per cent marijuana use reported during pregnancy in similar populations (4, 5) . Definitive conclusions about the effect of marijuana on pregnancy outcome cannot yet be reached. Further research should attempt to collect detailed information on marijuana use at several times during pregnancy, and, if possible, should verify selfreports with biochemical screens. The possibility that marijuana use may result in features similar to those seen in the fetal alcohol syndrome (4, 12) should also be explored.
